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The Protective Relaying Associated with Integration of the

Goodnoe Hills Wind Turbine Generators

Introduction

With the emphasis on alternative energy sources, there is a growing trend to
connect small sources of generation to distributioq or subtransmission
systems. Power systems that would otherwise be radial and impose a minimum of
protective relaying problems can become complex, from a relaying standpoint,

when small generators are interconnected.

The Goodnoe Hills Wind Turbine Generator (WIG) installation is a typical
example of the protective relaying problems involved —- specifically
backfeed. Backfeed in turn creates two basic problems; 1) maintaining the
reliability of the existing subtransmission load, and 2) insuring that the WIG
installation will trip for all faults on the tie lines to the BPA grid. The
two problems are interrelated. For example, if 2 above cannot be met for all
fault conditions, the necessary backup relay operations will usually affect

connected load.

It is always assumed that the small generating source cannot feed an isolated
load. Photovoltaic and WIG's are good examples of alternative energy sources
where the available energy bears little or no relationship to load
requirements. It follows that Murphy's law will invariably apply so that

available energy varies inversely with load requirements.



The purpose of this paper is to show solutions to the backfeed relaying
problems for the Goodnoe Hills WIG installation. Relay changes will be

presented for each of the involved substations.

The Involved Power System

The power system involved in the WIG installation is shown in Figure 1. This
consists of a BPA 115 kV line from Chenoweth to Goldendale which has two
additional tapped radial loads. At Goldendale (Figure 2) the 115 kV is
transformed to 69 kV which is grounded only at Goldendale through a high

impedance grounding bank.

Goodnoe Hills Substation (Figure 3) is tapped off one of the three 69 kV
Klickitat County PUD feeders. Except for Goodnoe Hills, all 69 kv load is
radial. Goodnoe Hills is a new substation dedicated to the WIG installation.
It consists of a 10 MVA, 69 kV to 12.5 kV grounded wye transformer, and a
single self-contained recloser connected to three URD type cables; one for

each WIG.

Each WIG installation (Figure 4) consists of a fused, 3.2 MVA, 12.5 kV wye -
4.16 kv transformer connected to the 2.5 MW generator through two identical
circuit breakers (PCB). One FCBR is located in the nacelle at the top of the
200-foot tower and is used for fault interruption: the second PCB, located on
the ground, is used primarily for loud switching. It must be remembered that
all power, control, and data circuits to the nacelle must go through slip

rings.



Sequence of Relay Tripping

For faults beyond Chenoweth it is assumed that WIG tripping is unnecessary
because of multiple ties to the BPA grid. Relay operation can therefore be
confined to three areas; 1) the 115 kV system between Chenoweth and
Goldendale; 2) the 69 kV system between Goldendale and Goodnoe Hills; and 3)

the 12.5 - 4.2 kV system between Goodnoe Hills Substation and each WIG.
The desired tripping sequence for any type of fault in each area is as follows:

1. 115 kV - Trip at Chenoweth and each WIG with backup at Goldendale and

Goodnoe.

2. 69 kV Goodnoe Feeder - Trip the Goodnoe feeder at Goldendale and each

WIG with backup on the 12.5 kV recloser at Goodnoe and the bank breaker

at Goldendale.

3. 12.5 - 4.2 kV - Trip the 12.5 kV recloser at Goodnoe and each WIG with

backup at Goldendale and the load WIG breaker.

Protective Relaying as Designed

It must be emphasized that the above is the desired tripping sequence. The
discussion that follows shows how these requirements were met starting with

the easiest first.



Chenoweth

Since the existing ground relays at Chenoweth (Figure 5) are directional, no
changes, other than settings, are required. The nondirectional overcurrent
phase relays must be carefully checked to insure they will coordinate for
faults on all other lines out of Chenoweth. This is due to the backfeed fault
current from the WIG "farm." Should this be a problem it would be necessary
to make these relays directional. It turns out backfeed is below pickup and

only slight changes in settings are necessary.

The WIG installation has a very minor effect on 115 kV multiphase faults and a
small effect on ground faults because of changes in 115 kV bank neutral

grounding at Goldendale.

The next concern was reclosing because of the WIG backfeed. A dead-line check
relay must be added to block reclosing until each WIG has tripped. A
compromise was made by dead-line checking only one phase-to-ground voltage
instead of all three phases. Three phase checking would have required two
additional line side potential devices and relays. Reclosing will also be

sufficiently delayed to give the WIG's time to trip.

Goldendale

Backfeed from Goldendale into the 115 KV system creates a unique problem. If
the Goldendale 115 kV transformer primary had been delta connected, the 115 kV
system would be ungrounded after Chenoweth opens. For a ground fault on the

115 kV line the unfaulted phase voltages would increase to 1.73 per unit, plus



overshoot, after Chenoweth opens. The result would be a high probability of

lightning arrester failure at all stations connected to this line.

The Goldendale transformer has been operated ungrounded wye in the past to

improve ground fault sensitivity at Chenoweth. We are now grounding the
115 kV neutral so the 115 kV line will remain solidly grounded to provide a

source for 115 kV ground fault tripping at Goldendale.

Tripping at Goldendale (see Figure 2) for 115 kV ground faults, properly
coordinated, provides back-up to WIG relays. This back-up consists of a 115
kV neutral overcurrent relay which trips the 69 kv bank PCB. This relay can
be set quite sensitively but at a large time lever to coordinate with WIG and
other relays. Keep in mind that the WIG overcurrent relays will see only
positive and negative sequence components of current for 115 kv, 69 kv, or

12.5 kV faults.

The WIG phase overcurrent relays, however, can be set to see ground as well as

phase faults on the 115 kV line.

Back-up of the WIG overcurrent phase relays for 115 kV phase faults is not
provided at Goldendale. Since backfeed is below pickup of the 69 kV phase
overcurrent relays, backup would require adding directional overcurrent or
distance relays looking toward Chenoweth. It was decided that the benefit did

not justify the cost.

Reclosing at Goldendale involves two PCB's, the 69 kV bank breaker and the

PUD 69 kV self-contained feeder breaker. Reclosing of either of these



breakers must be blocked until the WIG side of the breaker is dead. This was’
provided by dead line check relays. This required the installation of a
phase-to-phase 69 kV potential transformer on the WIG side of each breaker.

It might be debated whether reclosing is of any value on the 69 kV bank
breaker. Tripping of this breaker is usually the result of a back-up

operation or a bank fault.

Goodnoe Hills

One goal of the Goodnoe Hills project was to provide a design representative
of a future WIG farm. The design of Goodnoe Hills Substation reflects a
number of cost effective considerations. For example, Goodnoe Hills
Substation is a standard customer service design using a fused primary and a
self-contained recloser type feeder breaker. All special relays and revenue
metering are housed in a 6 foot by 6 foot building. The 12.5 kV URD feeders
were used instead of overhead lines to avoid disturbances in wind patterns

near each WIG.

Two special relays (see Figure 3) were added to this otherwise standard

station:

1. A zero sequence voltage relay connected to 69 kV potential
transformers. This relay is required to trip the recloser (WIG relays
cannot see this fault) for arcund faults on the 69 kV feeder. The 69 kV
system is impedance grounded with fault currents in the order of 100
amperes. Unlike the 115 kV line: the 69 kV line is designed to

withstand the high voltage on the unfaulted phases.



2. A phase sequence - undervoltage relay with two functions; the first
provides undervoltage tripping, backup to WIG phase overcurrent relays;

the second function is a hot 69 kV line check for recloéihq.

Metallic communications type cable circuits are provided between Goodnoe Hills
Supstation and each WIG. One pair from each WIG is used to provide a "b"
switch from each WIG breaker. The "b" switches, in combination with the hot
69 kV line check, controls closing and reclosing of the 12.5 kv reclose;. An

additional pair per WIG could also provide backup transfer trip if necessary.

Wind Turbine Generators

The control and protection system for each WIG (Figure 4) was designed by the
WIG contractor, Boeing. Only those relays associated with clearing line
faults will be discussed. These are the nondirectional phase overcurrents,

generator neutral ground, underfrequency, and overfrequency relays.

As has been indicated previously the phase overcurrent relays will be the
"workhorses" to get the WIG's off for external faults. Pick-up of these
overcurrent relays will be around 150 percent of WIG rating or 4.7 MVA. These
relays will operate for any fault on the 115 kV line to Chenoweth. 1In fact
careful coordination is required to prevent WIG tripping (overtripping) for
faults beyond Chenoweth and for multiphase faults on other 69 kV feeders.

They will not operate for 69 kV ground faults as noted above.



Though it is desirable to eliminate all overtripping, it is of no serious
consequence since the WIG's will be switching on and off many times,

particularly during 14 mph minimum wind conditions.

The underfrequency and overfrequency relays will operate as backup to the
phase overcurrent relays. When there is WIG separation from the main grid,
the WIG units will either underspeed or overspeed and the frequency relays
will operate and initiate WIG shutdown. The overfrequency relay will initiate
generator shut down for 69 kV ground faults when the circuit recloser at the

substation trips.

Summary

It has been shown that backfeed relaying does not require new or exotic relay
systems. It does show that a careful examination of all faults on the
involved power system must be made to insure proper clearing of the backfeed
source. Likewise, reclosing must be checked and reclose interlocks added to

prevent reclosing into an unsynchronized generator.

When the tie to a high voltage power system is through a transformer whose
primary is delta connected, checks should be made to determine the effects of
overvoltages on unfaulted phases. This applies at voltages 115 kv and above

and some systems rated 69 kV or below.
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GOODNOE HILLS SUBSTATION
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